PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

WO 99737939 



(51) International Patent Classification 6 
F16D 65/16, 66/00 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



29 July 1999 (29.07.99) 



(21) International Application Number: PCT/NL98/00566 

(22) International Filing Date: 30 September 1998 (30.09.98) 



(30) Priority Data: 

PCT/NL98/00056 



27 January 1998(27.01.98) NL 



(71) Applicant (for all designated States except US): SKF INDUS- 
TRIAL TRADING & DEVELOPMENT COMPANY B.V. 
[NL/NL]; P.O. Box 2350, NL-3430 DTNieuwegein (NL). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): RINSMA, Andries, Chris- 
tian [NL/NL]; Leidseweg 73, NL-3531 BE Utrecht (NL). 
ZWARTS, Jacobus [NL/NL]; Carmenlaan 5, NL-3438 VA 
Nieuwegein (NL). 

(74) Agent: DE BRUIJN, Leendert, C; Nederlandsch Octrooibu- 
reau, Scheveningseweg 82, P.O. Box 29720, NL-2502 LS 
The Hague (NL). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GD, 
GE, GH, GM, HR, HU, ID, IL, IS, JP, KE, KG, KP, KR, 
KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, 
MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK f 
SL, TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZW, 
ARIPO patent (GH, GM, KE, LS, MW, SD, SZ, UG, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, 
BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, 
TD, TG). 



Published 

With international search report. 



(54) Title: ACTUATOR COMPRISING FLEXIBLE ELEMENT, AND BRAKE CALLIPER COMPRISING SUCH ACTUATOR 




(57) Abstract 



An actuator (7) comprises a housing (4), a motor (8), an actuating member (25, 35) and a screw machantsm (10) providing a linear 
movement of the actuating member (25, 35) with respect to the housing (4) in response to a rotational movement of the motor <8), said 
screw mechanism (10) comprising a screw (24) and a nut (22) one of which is rotatably supported with respect to the housing (4). The 
screw mechanism (10) and the actuating member (25, 35) engage each other through a resilient intermediate pressure means (28, 29, 36). 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


Fl 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


a 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakh tan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 99/37939 PCT/NL98/00566 

1 

Actuator comprising flexible element, and brake calliper comprising such actuator 



The invention is related to an actuator comprising a housing, a motor, an 

actuating member and a screw mechanism providing a linear movement of the 
5 actuating member with respect to the housing in response to a rotational movement of 

the motor, said screw mechanism comprising a screw and a nut one of which is 

rotatably supported with respect to the housing. 

Such actuator is known from WO-A-9603301. The actuator comprises a screw 

mechanism, consisting of a screw and a nut which engage each other by means of 
10 rollers having circumferential grooves. Such actuator provides a well defined axial 

displacement, and also a certain degree of reduction. Thus, a fairly small axial 

displacement is obtained in response to a considerable rotation of the screw. 

Consequently, the screw may exert a considerable axial force on the actuating 

member. 

15 The proper operation of the screw mechanism can be assured as long as the 

screw, nut and rollers are subject to a well-defined, axial load. In such case, all 
components are loaded in accordance with their design requirements; moreover, the 
load may then reach a considerable level without causing damage to the screw 
mechanism. 

20 A very unfavourable case however occurs when the screw mechanism is 

subjected to loadings having a transverse or radial component. The screw, nut and 
rollers are not designed to accommodate the transverse load components, and will be 
damaged. 

The same occurs in case the actuator is loaded by a bending couple, which is 
25 always associated with such transverse- forces. 

The object of the invention is to provide an actuator as described before, in 
which the problems related to transverse or radial loadings are circumvented or at 
least alleviated. This object is achieved in that the screw mechanism and the actuating 
member engage each other through a resilient intermediate pressure means. The 
30 resilient intermediate pressure means is able to transfer the required actuating force 
from the screw mechanism onto the actuating member. Thus, its stiffness in axial 
direction should be rather high. In particular, the stiffness should be maintained at a 
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level where the required force/displacement relationship still provides the possibility 
to obtain the desired actuating force. 

On the other hand, said resilient intermediate pressure means is not as stiff as 
a direct connection between the screw mechanism and the actuating member. This 
5 adapted stiffness has the advantage that extreme loadings, which have a certain 
transverse component or bending moment, are not directly and fully transmitted 
towards the screw mechanism. The resilient aspect of the force transmission between 
screw mechanism and actuating member makes these transverse or bending loadings 
less severe or even absent. 
10 According to a first possible embodiment of the invention, the screw 

mechanism and the actuating member engage each other through spring elements. 
The spring elements may provide an asymmetric stiffness distribution with respect to 
the axis of the screw mechanism. The asymmetric character of the spring elements 
may be obtained in several ways, e.g. by more or stiffer springs at one side of the 
15 axis of the actuating member and the screw mechanism than at the opposite side. 

The advantage of an asymmetric layout of the spring elements is that it may 
anticipate an asymmetric loading pattern under full loading. An example of a non- 
aligned loading, which increases with the load level, is to be attributed to flexing of 
the claw piece in the application of an actuator in a disc brake. 
20 According to a second possibility, the screw mechanism and the actuating 

member engage each other by means of a resilient pressure pad. 

Such pressure pad may have a relatively small thickness compared to its lateral 
dimensions. It can therefore easily be accommodated between the actuating member 
and the screw mechanism, within narrow space constraints. 
25 The pressure pad preferably comprises two generally parallel wall members, 

said wall members being mutually connected along their circumference and enclosing 
a closed internal space. 

The actuating member may be carried out as a piston, said piston being 
accommodated in a cylinder which forms a bore in the housing of the screw 
30 mechanism. Thus, the intermediate resilient pressure member is supported against the 
inside of the piston head. 
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According to a further development, the resilient intermediate pressure means 
engages a load measuring device. In particular, the load measuring device senses the 

pressure of the fluid. 

The pressure developed in the fluid provides a reliable measure of the force 
5 exerted by the actuator. Possible non-axial or excentric loadings will not hamper the 

measurement of the overall axial loads to which the actuator is exposed. Thus, a 

reliable measurement is obtained. 

If convenient, the internal space of the pressure pad is connected to a 

measuring channel, the free end of said channel being provided with the load 
10 measuring device. Thereby, the actual measurement, e.g. by a piezoelectric sensor, 

may be carried out at particular location which is for instance shielded form the area 

where the actuating member is located (heat, moisture). 

The invention is also related to a brake calliper comprising a housing, a motor, 

an actuating member and a screw mechanism providing a linear movement of the 
15 actuating member with respect to the housing in response to a rotational movement of 

the motor, said screw mechanism comprising a screw and a nut one of which is 

rotatably supported with respect to the housing. The screw mechanism and the 

actuating member engage each other through a resilient intermediate pressure means 

for pressing the brake pads onto the brake disc. 
20 The resilient intermediate pressure means of the brake calliper may engage a 

load measuring device as well. The internal space of the pressure pad is connected to 

a measuring channel, the free end of said channel being provided with the load 

measuring device. 

The actual load measuring device (e.g. a piezoelectric sensor) may now be 
25 situated at a location where the influence of the heat developed by the friction 
between the brake pads and the brake disc, is reduced. 

The measuring channel may extend through the screw of the screw 
mechanism, the load measuring device being situated at the end of the screw which is 
opposite the pressure means. Furthermore, the load measuring device comprises a 
30 load cell or load sensor, the electric signal line thereof extending through the internal 
space of the motor towards a connector or the like on the housing. 
Preferably the fluid is a temperature resistant thermal oil. 
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The invention will be explained further with reference to the embodiments 
shown in the figures. 

Figure 1 shows a first embodiment of a brake calliper comprising an actuator 

according to the invention. 
5 Figure 2 shows a second embodiment. 

Figure 3 shows a third embodiment. 

The brake calliper shown in figure 1 comprises a claw piece 1, having a flange 
2 supporting brake pad 3, and a housing 4 carrying brake pad 5. Between the brake 
pads 3 and 5, a brake disc 6 is accommodated. 
10 Brake pad 5 is moveable towards, and away from, the other brake pad 3 by 

means of an actuator 7 which comprises an electric motor 8, a reduction gear 
mechanism 9, and a screw mechanism 10. The motor 8 has a stator 11 and a rotor 
12, which rotor 12 is connected to a tubular connecting member 13 carrying a sun 
gear wheel 14. 

15 The sun gear wheel 14 engages satellite gear wheels 15, which are 

accommodated on carrier 16. The satellite gear wheels 15 also engage the fixed ring 
gear wheel 17. 

The carrier 16, in particular shaft 18 thereof, engages the screw mechanism 10 
by means of tubular intermediate member 19. 
20 The tubular intermediate member 19 is supported rotatably within the tubular 

connecting member 13 by means of bearings 20, 21. 

The tubular intermediate member 19 is connected to nut 22 of the screw 
mechanism 10 which by means of rollers 23 engages screw 24. Screw 24 is held 
non-rotatably, but can move in axial direction. The nut 22 forms a unity with the 
25 inner ring of the four point contact ball bearing 30, the outer ring 31 of which is 
supported in the housing 4. 

The screw 24 engages the actuating member 25, in such a way that by means 
of the screw mechanism 10 the brake pad 5 can be moved towards, and away from, 
the other brake pad 3. 

30 During a braking action, the brake pads 3, 5 may exhibit some play transverse 

with respect to the axis of screw mechanism 10. Thereby, the screw mechanism 10, 
in particular screw 24 thereof, may be loaded in a non-axial or non-aligned way. 
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In order to counteract the effects of such non-axial loadings, the surfaces 26 
and 27 of the actuating members respectively the screw 24 engage each other by 
means of relatively stiff springs 28 and relatively flexible springs 29, whereby a 
locally different stiffness is obtained. 

5 The stiffness ratio of these springs is selected in such a way that they simulate 

a flexing which is opposite to the flexing of the brake calliper, which flexing occurs 
as a result of the clamping forces by means of which the brake pads engage the brake 
disc. Thus the calliper flexing is reversed or counteracted in order to obtain an axial 
load on the screw mechanism. 

10 The embodiment according to figure 2 corresponds to some extend to the 

embodiment of figure 1. The connecting member 13, which carries sun gear wheel 
14, is now supported with respect to the housing by means of bearings 33, 34. 

Furthermore, the carrier 16, which carries satellite gear wheels 15 which 
engage both the sun gear wheel 14 and the ring gear wheel 17, is connected to the 

15 nut 22 of the screw mechanism 10. This nut 22 at the same time constitutes the inner 
ring of the four point-ball bearing 30, the outer ring 31 of which is supported in the 
housing 4. 

Nut 22 engages screw 24 by means of rollers 23. The screw is held against 
rotation, but is able to move in axial direction. Thus, upon rotation of the nut 22, the 
20 screw 24 moves backward and forward, thus moving the brake pads 3, 5 onto each 
other and onto the brake discs 6, or moving them away from each other. 

The actuating member is carried out as a piston 35, which is slidably held 
within the cylinder space 37 in the housing 4. By means of a groove nut connection 
38, 38\ the piston 35 is held non-rotatably, but slidably. 
25 By means of further groove/nut connections 39, 39', screw 24 is also held 

non-rotatably, but slidably, with respect to piston 35. 

The screw engages piston head 40 by means of the interposed pressure pad 36. 
This pressure pad 36 has two parallel walls 41, connected at the circumference 42, 
e.g. by means of welding. The internal space enclosed between the parallel walls 41 
30 is filled with a pressure medium 43, e.g. a hydraulic fluid. 

In case, as a result of the braking action, the brake pad 5 would tilt somewhat, 
and thereby causes somewhat misalignment between the axis of the piston 35 and the 
screw 24, pressure pad 36 may accommodate this misalignment. In this way, the 
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screw 24 is still mainly loaded in axial direction, thus allowing a proper function of 
the screw mechanism 10. 

In the third embodiment, shown in figure 3, a load measuring device 50 has 
been applied. This may for instance be a piezoelectric sensor. The load measuring 
5 device 50 is connected to a measuring channel 51, which is connected to the internal 
space 52 of the pressure pad 53. 

Through a signal cable 54, the load measuring device 50 is connected to a 
control unit for further processing of the data thus obtained. As shown in the figure, 
the signal table 54 is guided through the internal hollow space of the electric motor 
10 7. 

The internal space 52 and the measuring channel 51 may be filled with a 
thermal oil which is resistant to the high temperatures which may develop as a result 
of the friction between the brake pad 5 and the brake disc 6. Furthermore, a ceramic 
pad 55 may be arranged between the pressure pad 53 and the head of the piston 35, 
15 so as to thermally insulate the thermal oil as a further precaution. 
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Claims 

1. Actuator (7), comprising a housing (4), a motor (8), an actuating member 
(25) and a screw mechanism (10) providing a linear movement of the actuating 

5 member (25, 35) with respect to the housing (4) in response to a rotational movement 
of the motor (8), said screw mechanism (10) comprising a screw (24) and a nut (22) 
one of which is rotatably supported with respect to the housing (4), characterized in 
that the screw mechanism (10) and the actuating member (25, 35) engage each other 
through a resilient intermediate pressure means (28, 29; 36). 

10 

2. Actuator according to claim 1, wherein the screw mechanism (10) and the 
actuating member (25) engage each other through spring elements (28, 29). 

3. Actuator according to claim 2, wherein the spring elements (28, 29) provide 
15 an asymmetric stiffness distribution with respect to the axis (32) of the screw 

mechanism (10). 

4. Actuator according to any of the preceding claims, wherein the screw 
mechanism (10) and the actuating member (35) engage each other by means of a 

20 resilient pressure pad (36). 

5. Actuator according to claim 4, wherein the pressure pad (36) comprises two 
generally parallel wall members (41), said wall members (41) being mutually 
connected along their circumference (42) and enclosing a closed internal space. 

25 

6. Actuator according to claim 5, wherein the closed internal space of the 
pressure pad is filled with a fluid (43). 

7. Actuator according to any of the preceding claims, wherein the actuating 
30 member is carried out as a piston (35), said piston (35) being accommodated in a 

cylinder (37) which forms a part of the housing (4) of the screw mechanism (10). 
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8. Actuator according to claim 7, wherein the intermediate resilient pressure 
member (36) is supported against the inside of the piston head (40). 

9. Actuator according to any of the preceding claims, wherein the resilient 
5 intermediate pressure means (28, 29; 36) engages a load measuring device (50). 

10. Actuator according to claims 6 and 9, wherein the load measuring device 
(50) senses the pressure of the fluid. 

10 11. Actuator according to claim 10, wherein the internal space (52) of the 

pressure pad (36) is connected to a measuring channel (51), the free end of said 
channel (51) being provided with the load measuring device (50). 

12. Actuator according to claim 9, 10, wherein the load measuring device (50) 
15 comprises a piezoelectric sensor. 

13. Brake calliper for a disc brake, comprising an actuator (7) according to any 
of the preceding claims, said actuator comprising a housing (4), a motor (8), an 
actuating member (25, 35) and a screw mechanism (10) providing a linear movement 

20 of the actuating member with respect to the housing (4) in response to a rotational 
movement of the motor (8), said screw mechanism (10) comprising a screw (24) and 
a nut (22) one of which is rotatably supported with respect to the housing (4), a claw 
piece (1) carrying two opposite brake pads (3,5) between which a brake disc (6) can 
be accommodated, the housing (4) of the actuator (7) being connected to the claw 

25 piece (1) and the actuating member (25, 35) being connected to one of the brake pads 
(3,5), characterized in that the screw mechanism (10) and the actuating member (25, 
35) engage each other through a resilient intermediate pressure means (28, 29; 36). 

14. Brake calliper according to claim 13, wherein the resilient intermediate 
30 pressure means (28, 29; 36) engages a load measuring device (50). 

15. Brake calliper according to claim 14, wherein the load measuring device 
(50) senses the pressure of the fluid. 
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16. Brake calliper according to claim 15, wherein the internal space (52) of the 
pressure pad (36) is connected to a measuring channel (51), the free end of said 
channel (52) being provided with the load measuring device (50). 

5 17. Brake calliper according to claim 16, wherein the measuring channel (52) 

extends through the screw (24) of the screw mechanism, the load measuring device 
(50) being situated at the end of the screw (24) which is opposite the pressure means 
(28, 29; 36). 



10 18. Brake calliper according to claim 17, wherein the load measuring device 

(50) comprises a load cell or load sensor, the electric signal (54) line thereof 
extending through the internal space of the motor (8) towards a connector or the like 
on the housing. 

15 19. Brake calliper according to claim 16, 17 or 18, wherein the fluid is a high- 

temperature resistant thermal oil. 
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